Introduction
The geometry of curves and surfaces in Euclidean 3-space E 3 represented for many years a popular topic in the field of classical differential geometry. Increasing interest in the theory of curves has led to the development of special curves to be examined. A way for the characterizations and classifications for curves is the relationship between the Frenet curvatures of the curves. Some of the curves are offsets of curves, in particular, involuteevolute offsets, Bertrand offsets, Mannheim offsets etc. [1, 4, 8-10, 17, 18] . As the study of offsets of surfaces, many authors studied them for various aspects. Farouki [5] developed methods for the generation of parallel offsets for a certain class of surfaces. Ravani and Ku [15] generalized the theory of Bertrand offsets of curves for ruled and developable surfaces using lines instead of points as the geometric building blocks of space. In [6] Kasap and Kuruoglu initiated the study of Bertrand offsets of ruled surfaces in Minkowski 3-space.Önder [11] studied dual geodesic trihedra of Bertrand offsets of timelike surfaces in dual Lorentzian space and found some relations between certain invariants of the offsets. As a result, he gave some characterizations of Bertrand offsets of timelike ruled surfaces in view of the dual geodesic trihedron. Another type of offsets of surfaces is Mannheim offsets. In [14] the authors investigated the properties of Mannheim offsets of developable ruled surfaces in terms of the geodesic curvature and arc-length of spherical indicatrix of the director spherical curve of the surfaces. Moreover,Önder and Ugurlu [12] obtained the relationships between invariants of Mannheim offsets of timelike surfaces, and they gave the conditions for these surface offsets to be developable. Recently, in [7] Kasap et al. studied involute-evolute offsets of ruled surfaces in Euclidean 3-space E 3 .
In this paper, we study offsets of ruled surfaces in Minkowski 3-space L 3 . We also study an evolute offset with constant Gaussian curvature and constant mean curvature and give examples. As the results, we classify a linear Weingarten evolute offset of ruled surfaces. A linear Weingarten surface is the surface having a linear equation between the Gaussian curvature and the mean curvature of a surface. 
Here γ is on H 2 when ϵ = 1 , and γ is on S 
The function κ g (s) is called the geodesic curvature of the pseudospherical curve γ .
Evolute offset of ruled surfaces
In this section, we first define a ruled surface in Minkowski 3-space 
For such a ruled surface, c and e are called the base curve and the director curve, respectively.
Suppose that a director curve e is a pseudospherical curve such that
In this case, the parameter u is arc-length of the pseudospherical curve e. A curve e can be regarded as a vector and it is called the pseudospherical indicatrix vector of φ (u, v) . c is said to be the striction curve of φ (u, v) .
From now on, we shall often not write the parameter u explicitly in our formulae. We put t = e ′ and g = e × e ′ . Then the set {e, t, g} is the pseudospherical Frenet frame of e and the vectors t and g are said to be the pseudocentral normal and the pseudoasymptotic normal of φ(u, v), respectively ( [13] ). For the pseudospherical Frenet frame {e, t, g} , the following equations hold:
where J = ⟨e ′′ , e ′ × e⟩ denotes the geodesic curvature κ g of a pseudospherical curve e.
On the other hand, the derivative of the striction curve c is given by
where 
On the other hand, the parameter u is arc-length parameter of the curve e, but usually it is not arc-length parameter of the curve c . By (3.4), we have
If the parameter u is also arc-length parameter of the striction curve c of φ(u, v) , the structure functions F and
Now we compute the Gaussian curvature and the mean curvature of a ruled surface 
The unit normal vector u of φ(u, v) is written as
This leads to the coefficients L, M, and N of the second fundamental form as
Thus, using the data described above, the Gaussian curvature K and the mean curvature H of φ(u, v) are given respectively by 
Then the surface φ * (u, v) can be written as
where R is the distance between the corresponding striction points of φ(u, v) and φ * (u, v). By using (3.3) and (3.4) the coefficients of the first fundamental form of φ * (u, v) are
Moreover, the unit normal vector u * of φ * (u, v) is given by
where
From this, we get the coefficients of the second fundamental form as follows:
By a direct computation, we can show that the Gaussian curvature K * and the mean curvature
are given by
and
From (3.7), we have 
Theorem 3.3 Let φ * (u, v) be an evolute offset of a ruled surface φ(u, v) satisfying (3.2). Then φ * (u, v) is flat if and only if the structure functions Q, J, and F of φ(u, v) satisfy
Q = ϵ 2 JF .−x 2 + y 2 + z 2 = 1, (3.9) −x ′ 2 + y ′ 2 + z ′ 2 = −1.(3.
10)
We now try to solve the above equations. From (3.9), we may put x = x(u) and y = y(u) by
11)
and then determine the function θ = θ(u) satisfying (3.10) . By using (3.10) and (3.11) we have
We assume that z
is constant). Then the function θ(u) is of the form
and without loss of generality we may assume that the signature is positive. Since z ′ 2 + z 2 > 1 , we take
From this, the spherical curve e(u) can be expressed as 
which imply we can show that J is constant and Q = ϵ 2 JF . The converse assertion is trivial. Hence the theorem is proved. 2
Now we will construct an evolute offset with zero mean curvature. From Theorem 3.6 and (3.3) we have the following ordinary differential equation 
We now change the coordinates byx,ȳ,z such thatx =
With respect to the coordinates (x,ȳ,z), e(u) turns into
By (3.4) and (3.17), the striction curve c can be expressed as
for some constant vector D 0 . Thus, up to a rigid motion the evolute offset φ * (u, v) of the ruled surface φ (u, v) given by (3.17) and (3.18) has the parametrization of the form
Next let (ϵ 1 , ϵ 2 ) = (1, −1). We now consider an initial condition e ′ (0) = (1, 0, 0) of the ODE (3.15).
Quite similarly as we did, we obtain
satisfying B and the striction curve is given by 
) . 
Therefore, the striction curve c is determined by For specific functions F (u) = u and R(u) = cos u, the ruled surface φ(u, v), generated by (3.24) and (3.25) , is shown in Figure 1 and its evolute offset φ * (u, v), given by (3.26), is shown in Figure 2 . 
Linear Weingarten offsets of ruled surfaces
In this section, we study a linear Weingarten offset of a ruled surface φ (u, v) in Minkowski 3-space L 3 .
